WOR1J5 INTELLECTUAL PROPERTY ORGANIZATION 
IntBxiiatiQna] Boreau 




?3 3; 



PCX 

INTOINATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) InterDational P&tsnt qasstflcatton ^ : 

7/36, 9/14, H02K 19/26, 19/34, 
19/38, 16ffl2, 17/44, 21/14, 3/40 



Al 



(11) InternatioDal Publication Number: 
(43) International Publication Date: 



WO 99/29(»4 

10 June 1999 (10.06.99) 



(21) Internationa] AppUcation Number: PCr/SE98/02161 

(22) Internationa] FHing Date: 27 November 1998 (27.1 1.98) 



(30) Priority Data: 
9704375-6 



27 November 1997 (27.1 U97) SE 



(71) Applicant (for all designated States except US): ASEA 

BROWN BOVERI AB [SE/SEl; S-721 83 Vasteifls (SE). 

(72) Inventor; and 

(75) Inventor/Applicant (for US onfy)t SORENSEN, Eiland 
ISE/SE]; Gudnins vag 32, S-723 55 VasterSs (SE). 

(74) Agents: ASKERBERG, Fredrik ec al.; LA. QxaOk & Co. KB, 
P.O. Box 6107, S-102 32 Stoddiolm (SE). 



(81) Designuted States: AL, AM. AT, AU, AZ, BA, BB, BG. BR, 
BY, CA, CH, CN, CU, CZ, CZ (Utility model), DE, DE 
(Utility model), DK, DK (Utility model), EE, ES, FI, FI 
(Utflity model), GB, GD, C3E, GH. GM. HR. HU. ID, IL, 
IS. JP, KE, KG, KP, KR. KZ, LC LK, LR, LS, LT. LU, 
LV. MD, MG. MK, MN, MW, MX, NO, NZ, PL,PT, RO, 
RU. SD. SE, SG, SI, SK, SK (Utility ihodrf). SL, TJ, TM, 
TR, TT, UA, UG. US, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ. BY. KG, KZ, MD, RU, TJ, TM). European patent 
(AT, BE, CH, CY, DE, DK. ES, FI, FR, GB, GR, IE. IT, 
LU. MC, NL. FT, SE), OAPI patent (BF, BJ. CF. OG. a, 
CM, GA. GN, GW, ML, MR. NE, SN. TD, TG). 



PubUshed 

With international search report. 

Before the e:q>iratkm of the time limit for amending the 
clams and to he republished in the event of the receipt of 
amendments. 



(54) TItte: A METHOD AND A SYST EM FO R SPEED CONTROL OF A ROTATING ELECTRIC:AL MACHINE WITH FLUX 
COMPOSED OF TWO QUANTiTIES 



(57) Abstract 



Hie invention relates to a system (20) for adapta- 
tion/optimization of the speed of a rotating electric machine 
(22) included in the system (20), which machine is intended to 
be directly ccHinected to a distribution or transmission network 
(24). Ihe machine (22) omipiises at least two electric windings, 
each cf which comprises at least one electric conductor, 
a flm semiconducting layer (14) arraoged surrounding die 
conductor, an insulating layer (16) atraniged surrounding the first 
semiconducting layer (14), and a second seconducting layer (18) 
arranged surrounding the insulating layer (16). In addition, the 
system (20) comprises means (26) which generate die resultant 
stator and air gap flux of the machine (22) during operation, 
which flux is composed of at least two vectorial quantities. 
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A MEraOD AND A SYSIHM FOR SPEED CX>NTOOL OF A ROTATING ELECTRICAL MACHINE WTIH FLUX 
COMPOSED OF TWO QUANTTIIES 

According to a first aspect, the present invention relates to a system for 

5 adaptation/optimization of the speed of a rotating electric machine included in the 
system, which machine is intended to be directly connected to a distribution or 
transmission network. 

According to a second aspect of the present invention, it relates to a 
method for speed control of a rotating electric machine, which machine is intended 

10 to be directly connected to a distribution or transmission network. 

The rotating electric machine which occurs in the present invention may 
be, for example, a synchronous machine, an asynchronous machine, a double-fed 
machine, an asynchronous converter cascade, an extemal pole machine or a syn- 
chronous flux machine. 

15 To connect machines of this kind to distribution or transmission networks, 

hitherto transformers have been used for step-up transformation of the voltage to 
networic level, that is, to the range of 130-400 kV. 

Generators with a rated voltage of up to 36 kV are descrit>ed by Paul R. 
Sledler, "36 kV Generators Arise from Insulation Research", Electrical Worid, 15 

20 October 1 932, pages 524-537. These generators comprise windings of high- 
voltage cable, wherein the insulation is divided into different layers with different 
dielectric constants. The insulating material used comprises different combinations 
of the three components mica foil-mica, varnish and paper. 

Now, it has proved that by manufecturing windings of the machine, men- 

25 tioned in the introduction, of an insulated electric high-voltage conductor with a 
solid insulation of a similar kind as in cables for power transmission, the voltage of 
the machine may be increased to such levels that the machine may be directiy 
connected to any power network without intennediate transformers. A typical op- 
erating range for these machines is 30-800 kV. 

30 The insulated conductor or high-voltage cable which is used in the present 

invention is flexibi and of th kind described in more detail in PCT applications 
SE97/00874 (WO 97/45919) and SE97/00875 (WO 97/45847). A further descrip- 
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tion of the insulated conductor or cable is to be found in PCT-appltcations 
SE97/00901 (WO 97/45918). SE97/00902 (WO 97/45930) and SE97/00903 (WO 
97/45931). 

In the device according to the invention, the windings are preferably of a 

5 kind corresponding to cables with a solid extruded insulation which are currently 
used for power distribution, for example so-called XLPE cables or cables with 
EPR insulation. Such a cable comprises an inner conductor composed of one or 
more strands, an inner semiconductor layer surrounding the conductor, a solid in- 
sulating layer surrounding the semiconducting layer, and an outer semiconducting 

10 layer surrounding the insulating layer. Such cables are flexible, which is an impor- 
tant property in this context since the technology for the device according to the 
invention is primarily based on a winding system where the winding is made with 
wires which are drawn back and forth a plurality of turns, that is, without joints in 
the coil ends which are required when the winding in the core consists of stiff con- 

15 ductors. An XLPE cable normally has a flexibility corresponding to a radius of cur- 
vature of about 20 cm for a cable witii a diameter of 30 mm and a radius of curva- 
ture of about 65 cm for a cable with a diameter of 80 cm. The expression flexible 
in this application thus means that the winding is flexible down to a radius of cur- 
vature in the order of magnitude of 8-25 times the cable diameter. 

20 The winding should be made such that it may maintain its properties also 

when being bent and when, during operation, it is subjected to thermal stresses. It 
is of great importance in this connection that the layers maintain their adhesion to 
one another. Of decisive importance in this connection are the material properties 
of the layers, above all their elasticity and their relative coefficients of thermal ex- 

25 pansion. For an XLPE cable, for example, the insulating layer is of crosslinked 
low-density polyethylene and the semiconducting layers of polyethylene with soot 
and metal particles mixed thereinto. Volume changes as a result of temperature 
variations are absorbed entirely as changes in radius in the cable, and because of 
the comparatively slight difference in the coefficients of thermal expansion of the 

30 layers in relation to the elasticity of these materials, the radial expansion of the 
cable will be able to take place without the layers loosening from each other. 
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Th material combinations described above are onty to be considered as 
examples. The scope of the invention of course comprises also other combina- 
tions which fulfil the conditions mentioned and which fulfil the conditions of being 
semiconducting, that is, with a mass resistivity in the range 1-105 (cm, and of be- 
5 ing insulating, that is, with a mass resistivity greater than 105 (cm. respectively. 

The insulating layer may, for example, comprise a solid thermoplastic 
material such as low-density polyethylene (LDPE). high-density polyethylene 
(HDPE). polypropylene (PP), polybutylene (PB), polymethyl pentene (PMP), 
crosslinked materials such as crosslinked polyethylene (XLPE) or rubber, such as 
10 ethylene-propylene rubber (EPR) or silicone rubber. 

The inner and outer semiconducting layers may have the same base ma- 
terials but mixed with particles of conducting materials, such as soot or metal 
powder. 

The mechanical properties of these materials, primarily their coefficients of 
15 thermal expansion, are influenced to a rather slight extent by whether it is mbced 
with soot or metal powder or not The insulating layer and the semiconducting lay- 
ers will thus have largely the same coefficients of thermal expansion. 

For the semiconducting layers, also ethylene vinyl acetate copoly- 
mer/nitrile rubber, butyl-grafted polyethylene, ethylene acrylate copolymer, ethyl- 
20 ene ethyl acrylate copolymer and ethylene butyl acrylate copolymer may consti- 
tute suitable polymers. 

Also when different layers of materials are used as a base in the respective layers, 
it is desirable for their coefficient of thermal expansion to be of the same order of 
25 magnitude. This is true of the combination of the materials listed above. 

The materials listed above have quite a good elasticity which is sufficient for any 
minor deviations in the coefficients of thermal expansion of the materials in the 
layers to be taken up in the radial direction of the elasticity such that cracks or 
30 other damage do not arise and such that the layers do not become detached from 
each oth r. 
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Th conductivity of the two s miconducting layers is sufficiently great to 
substantially equalize the potential along the respective layer. At the same time, 
the conductivity is so low that the outer semiconducting layer has sufficient resis- 
tivity to enclose the electric field in the cable. 

5 Each of the two semiconducting layers thus essentially constitutes an 

equtpotential surface and the winding with these layers will substantially enclose 
the electric field within it. 

It is, of course, not excluded that one or several further semiconducting 
layers may be arranged in the insulating layer. 

10 It is previously known to achieve a more efficient and flexible operation of 

hydroelectric power stations/pump storage plants with, for example, VARSPEED 
generators, and that each turbine has an optimum working point, at which speed, 
net head and water flow are adapted to one another to give maximum efficiency. 
For lai^e machines, the speed may be controlled in several ways, for example 

15 pole switching, stator supply and frequency adaptation by means of frequency 
converters or by means of a sut>- and supersynchronous converter cascade which 
feeds an asynchronous machine from two directions, that is, both via a stator and 
a rotor. The rotating three-phase rotor winding and the stationary frequency con- 
verter equipment for control of the rotor flux and hence the slip frequency for 

20 speed optimisiation take place via slip rings. 

Use of slip rings in speed optimization entails a number of disadvantages 
such as wear, fouling and hence increased maintenance costs. 

The object of the present invention is to solve the above-mentioned prob- 
lems. This is achieved with a system for adaptation/optimization of the speed of a 

25 rotating electric machine included in the system according to claims 1 and 9, and 
with a method for speed control of a rotating electric machine according to claims 
18 and 19. The machine included in the system according to a first embodiment of 
the present invention comprises at least two electric windings, each of which com- 
prises at least one electric conductor, a first semiconducting layer arranged sur- 

30 rounding the conductor, an insulating layer arranged surrounding the first semi- 
conducting layer, and a s cond s miconducting layer arranged surrounding the 
insulating layer. In addition, the system comprises means which generate th re- 
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sultant stator and air gap flux of the machine in operation, which flux is composed 
of at least two vectorial quantities. 

One advantage of the system according to the present invention is that no 
slip rings occur, which, inter alia, entails simplified maintenance and no losses as 
5 a result of brush voHage drop. In addition, a rapid demagnetization in case of fault 
may be obtained. 

An advantageous embodiment of the system is obtained in accordance 
with the invention in that the potential of the first semiconducting layer is essen- 
tially equal to the potential of the conductor. 
10 In connection therewith, it is an advantage if the second semiconducting 

layer is arranged to form essentially an equipotential surface, surrounding the 
conductor. 

An additional advantage in this connection is obtained if the second semi- 
conducting layer is connected to a predetermined potential. 
15 In connection therewith, it is an advantage if the predetermined potential is 

ground potential. 

A further advantage in connection therewith is obtained if at least two ad- 
jacent layers of the windings of the machine have essentially equal coefficients of 
thermal expansion. 

20 In connection therewith, it is an advantage if the conductor comprises a 

number of strands, of which at least some are in electric contact with one another. 

A further advantage in connection therewith Is obtained if each one of the 
three layers mentioned is secured to adjacent layers along essentially the whole 
contact surface. 

25 According to a second embodiment of the system according to the inven- 

tion, the machine included in the system comprises at least two electric winding, 
each of which t>eing formed from a high-voKage cable comprising one or more 
current-carrying conductors, each conductor exhibiting a number of strands, a first 
semiconducting layer arranged around each conductor, an insulating layer of solid 

30 insulating material arranged around the first semiconducting layer, and a second 
semiconducting layer arranged around the insulating layer. In addition, th system 
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comprises means which generate the resultant stator and air gap flux of th ma- 
chine in op ration, which flux is composed of at least two vectorial quantities. 

One advantage of the system according to the second embodiment of the 
present invention is that no slip rings occur, which, inter alia, entails simplified 
5 maintenance and no losses as a result of brush voltage drop. In addition, a rapid 
demagnetization in case of fault may be obtained. 

An additional advantage in connection therewith is obtained if the insulat- 
ing conductor or the high-voltage cable is flexible. 

In connection therewith, it is an advantage if the layers are arranged to 
10 adhere to one another even If the insulating conductor or the high-voltage cable is 
bent. 

An additional advantage in connection therewith is that the flux-generating 
member comprises an extra winding arranged on the machine and magnetization 
equipment connected to the machine, whereby one flux vector is generated via 
15 the extra winding and the magnetization equipment and one flux vector is gener- 
ated via the ordinary winding of the machine. 

In connection therewith, it is an advantage if the magnetization equipment 
consists of a first frequency converter. 

An additional advantage in this connection is obtained if the system fur- 
20 themiore comprises an auxiliary feeder connected to the first frequency converter 
and the machine. 

In connection therewith, it is an advantage if the machine comprises an 
asynchronous rotor, and if the auxiliary feeder comprises a stator winding and a 
permanent-magnet rotor connected to the asynchronous rotor. 

25 An additional advantage in connection therewith is obtained if the system 

furthermore comprises a transformer connected to the first frequency converter 
and the auxiliary feeder, which transformer is connected to a distribution busbar 
via a first circuit breaker, and a second frequency converter connected to the 
transformer, which second frequency converter is connected to the distribution 

30 busbar via a second circuit breaker. 

In connection therewith, it is an advantage if the windings are flexible and 
ifth menti n d layers make contact with on anoth r. 
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An additional advantage in this connection is if tlie mention d layers are of 
materials with such elasticity and such a relation b tween the coefficients of ther- 
mal expansion of the materials that the volume changes of the layers, caused by 
temperature variations during operation, are capable of being absorbed by the 

5 elasticity of the materials such that the layers retain their contact with one another 
at the temperature variations which occur during operation. 

In connection therewith, it is an advantage if the materials in the layers 
mentioned have a high elasticity. 

An additional advantage in connection therewith is obtained if each semi- 

10 conducting layer constitutes essentially an equipotential surface. 

The method according to a first embodiment of the present invention for 
speed control of a rotating electric machine is applicable to a machine which is 
intended to be directly connected to a distribution or transmission network. The 
machine comprises at least two electric windings, each of which comprises at 

15 least one electric conductor, a first semiconducting layer arranged sunrounding the 
conductor, an insulating layer an^nged surrounding the first semiconducting layer, 
and a second semiconducting layer anranged surrounding the insulating layer. The 
method comprises the step of generating at least two vectorial quantities which 
constitute the resultant stator and air gap flux of the machine during operation. 

20 The metiiod according to a second embodiment of the present invention 

for speed control of a rotating electric machine is applicable to a machine which is 
intended to be directly connected to a distribution or transmission network. The 
machine comprises at least two electric windings, which are each formed from a 
high-voltage cable comprising one or more cunrent-carrying conductors, whereby 

25 each conductor exhibits a number of strands, a first semiconducting layer ar- 
ranged around each conductor, an insulating layer of solid insulating material ar- 
ranged around the first semiconducting layer, and a second semiconducting layer 
arranged around the insulating layer. The method comprises the step of generat- 
ing at least two vectorial quantities which constitute the resultant stator and air gap 

30 flux of the machine during operation. 

An advantage of the metiiod according to the two embodiments of the 
present invention is that no slip rings occur, which, inter alia, entails simplified 
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maintenance and no losses as a r suit of brush voltage drop. In addition, a rapid 
demagnetization in case of fault may b obtained. 

In connection therewith, an advantage Is obtained if the method comprises 
the following additional step: 
5 • controlling at least one of the vectorial fluxes with respect to phase position as 
well as amplitude and speed of rotation relative to the flux generated and ro- 
tated by the connecting network. 

A further advantage In connection therewith is obtained if the method 
comprises the following steps: 
10 • generating a flux vector via an extra winding, mounted on the stator of the ma- 
chine, and magnetization equipment connected to the machine, and 
• generating a flux vector via the ordinary winding of the machine. 

According to a first aspect of the invention, the rotating electric machine 
comprises, in addition, an asynchronous rotor, whereby the flux control is used for 
15 speed-control of the machine in generator operating mode. 

According to a second aspect of the invention, the rotating electric ma- 
chine comprises, in addition, an asynchronous rotor, whereby the flux control is 
used for speed-control of the machine in motor operating mode. 

According to a third aspect of the present invention, the flux control is 
20 used to suppress the harmonic content of the stator voltage in the ordinary stator 
winding of the machine. 

According to a fourth aspect of the present invention, the reactive mag- 
netization current of the machine is injected via the extra winding, which makes 
possible control of the voltage of the machine on the ordinary winding of the ma- 
25 chine both for a non-mains-connected and a mains-connected machine. 

In connection therewith, it is an advantage if the rotating electric machine 
furthermore comprises a permanent-magnet rotor, connected to the asynchronous 
rotor, for generating magnetization current and other auxiliary power. 

According to a further aspect of the present invention, the flux control is 
30 used for interruption-free change from generator operating mode to motor operat- 
ing mode and vice versa. 
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In conn ction therewith, it is an advantage if the resultant flux in the ma- 
chine is: 

O = <I)i + 

where is the rotating flux on the stator side of the machine and (t>2 is the flux 
5 generated by the rotor current, whereby 

^^ = ^imagn + ^Istator 

where <I>i stator «s the rotating flux generated by the current in the ordinary winding, 
whereby the speed of rotation on <I>i stator >s dependent on the frequency of the 
network and the number of pole pairs in the machine, and O^niagn the rotating 
10 flux generated by the current In the extra winding, which flux Is controllable with 
respect to phase position as well as amplitude and frequency relative to the flux 
vector of the ordinary winding. 

An additional advantage in connection therewith is obtained if the vecto- 
rially created flux in the machine is controlled with the aid of the relative phase 
15 position as well as the relative amplitude value between the active and reactive 
current values of the ordinary winding (54) and the extra winding (56). 

The invention will now be explained in greater detail by the following de- 
scription of preferred embodiments of the invention with reference to the accom- 
panying drawings. 
20 Figure 1 is a cross-section view of a high-voltage cable; 

Figure 2 is a diagram which shows a system according to the present invention for 
adaptation/optimization of tiie speed of a rotating electric machine in- 
cluded in the system; 
Figures 3a and 3b are schematic figures which more clearly show the solution on 
25 principle for the system shown in Figure 2; 

Figures 4a and 4b are schematic figures which for the purpose of clarification 

show, respectively, the rotating fluxes and the electromotive force (EMF) 
induced in the rotor part in the system shown in Figure 2; 
Figures 5a, 5b and 5c are three diagrams which illustrate the principle of con- 
30 trol/change of the speed of rotation for the resultant flux in the machine in 

th system shown in Figure 2; and 
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Figure 6 is a flow diagram of the method according to the present invention for 
speed control of a rotating electric machine. 

Figure 1 shows a cross-section view of a high-voltage cable 10 which is 

5 traditionally used for transmission of electric power. The high-voltage cable 10 
shown may, for example, be a standard XLPE cable 145 kV but without a sheath 
of screen. The high-voltage cable 10 comprises an electric conductor, which may 
comprise one or more strands 12 of circular cross section of, for example, copper 
(Cu). These strands 12 are anranged in the centre of the high-voltage cable 10, 

10 Around the strands 12 there is a first semiconducting layer 14. Around the first 
semiconducting layer 14 there is an insulating layer 16, for example XLPE insula- 
tion. Around the insulating layer 16 there is a second semiconducting layer 18. In 
the high-voltage cable 10 shown, the three layers 14, 16, 18 are designed so as to 
adhere to one another also when the cable 10 is bent The shown cable 10 is 

15 flexible and this property is retained in the cable 10 during its service life. 

Figure 2 shows a diagram of a system according to the present invention 
for adaptation/optimization of the speed of a rotating electric machine included in 
the system. The system 20 comprises a rotating electric machine 22, which is di- 
rectly connected to a distribution or transmission network 24. The rotating electric 

20 machine 24 comprises at least two windings, wherein each winding in a first em- 
bodiment of the present invention comprises at least one conductor, a first semi- 
conducting layer arranged surrounding the conductor, an insulating layer arranged 
surrounding the first semiconducting layer, and a second semiconducting layer ar- 
ranged surrounding the insulating layer. According to a second embodiment of the 

25 system 20 according to the present invention, the windings are each formed from 
the high-voltage cable 10 shown in Figure 1. The system 20 comprises, in addi- 
tion, a member 26 which generates the resultant stator and air gap flux of the ma- 
chine in operation, which flux is composed of at least two vectorial quantities. In 
addition, the system 20 comprises magnetization equipment 28, connected to the 

30 rotating electric machine 22, which in the shown example is in the form of a first 
frequency conv rter 28. Connect d to the rotating lectric machine 22 is an auxil- 
iary feeder 30. In addition, the system 20 comprises a transformer 32 for voltag 
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adaptation, conn cted to the first frequency conv rter 28 and th auxiliary feeder 
30. The transformer 32, in its turn, is connected to a distribution busbar 36 via a 
first circuit breal<er 34. In addition, the system 20 comprises a second frequency 
converter 38 for auxiliary power generation, which second frequency converter 38 

5 is connected, on the one hand, to the transformer 32 and, on the other hand, to 
the distribution busbar 36 via a second circuit breaker 40. 

Figures 3a and 3b schematically show the solution on principle for the 
system 20 shown in Figure 2. Figure 3a shows the rotor 50 and the stator 52, re- 
spectively, of the rotating electric machine 22. The stator 52 is provided in tradi- 

10 tional manner with a three-phase winding 54, also called ordinary winding 54 or 
main winding 54. In addition, the stator 52 is provided with an extra winding 56. 
When the rotating electric machine 22 is in operation, a rotating flux O^, among 
other things, is generated on the stator side, which flux <t>^ rotates in the direction 
of the dotted arrow. Figure 3b shows a part of the system 20 shown in Figure 2 

15 which is of importance to the present invention. Again, the main winding 54 (three- 
phase) and the extra winding 56 (three-phase) of the stator are shown, the extra 
winding 56 being connected to the first frequency converter 28. In addition, the 
stator winding 58 (three-phase) of the auxiliary feeder 30 (cf. Fig. 2) is shown, 
which is also connected to the first frequency converter 28. The rotating electric 

20 machine 22 (cf. Fig. 2) comprises, in addition, an asynchronous rotor 60 for the 
main winding 54 and the extra winding 56 of the stator. In addition, Figure 3b 
shows a permanent-magnet rotor 62 included in the auxiliary feeder 30 (cf. Fig. 2). 
The permanent-magnet rotor 62 is connected to the asynchronous rotor 60 so that 
these rotate together. The system 20 may be used for adaptation/optimization of 

25 the speed of a rotating electric machine 22 Included in the system 20. This is 

achieved by composing the rotating flux <t>^ on the stator side 52 (cf. Fig. 3) from at 
least two flux vectors. One flux vector is generated in traditional manner via the 
main winding 54 of the stator 52 and one flux vector is generated via the extra 
winding 56 of the stator 52 and the first frequency converter 28. By controlling the 

30 flux vector, generated via the extra winding 56 and the first frequency converter 
28, with respect to phase position as well as amplitude and frequency relative to 
the flux vector generated via th main winding 54, th angular velocity of the total 
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flux vector may rotat both supersyhchronously and subsynchronously r lat d to 
the flux vector generated via th main winding. 

Figures 4a and 4b schematically show the rotating fluxes and the EMF in- 
duced in the rotor part, respectively, in the system shown in Figure 2. Figure 4a 

5 again shows parts of the rotating electric machine 22 (cf. Fig. 2) in the form of the 
rotor 50 and the stator 52. As is also clear from Figure 3a, the stator 52 is pro- 
vided with a main winding 54 and an extra winding 56. The rotor 50 rotates in the 
direction of the arrow A. The rotating total flux O-i of the stator 52 rotates in the di- 
rection of the arrow B with the speed n<t>i. The total generated flux for the machine 

10 22 in operation is 

where cD^ is the rotating flux on the stator side, and O2 is the flux generated by the 
rotor current. The rotating flux cD^ on the stator side may be expressed as follows 

15 = OiTOgn + ^istator 

where Oiatator is the rotating flux generated by the current in the main winding 54, 
and O^rnagn rotating and controllable flux. C>irxragn generated via the extra 
winding 56 of the stator 52 and the first frequency converter 28. Figure 4b sche- 
matically shows the rotor 50. The rotating air gap flux induces a winding EMF, e^^. 
20 tor. in the rotor winding. The rotor current, Irotorp driven by the EMF erotor gives rise to 
a torque Mv. The winding EMF erotor n^ay expressed as 

erotor = k1 X 4)1 X (n^,- not) 
The torque may be expressed as 

Mv = k2 X Oi X Iretor 

25 where k1, k2 are constants, n^^or is the speed of the rotor 50, which may be 

changed and adapted for optimization of, for example, the efficiency of the turbine, 
and noi is the speed of the rotating flux on the stator side, whereby the speed 
n^Di may be changed and adapted for slip optimization. 

Figures 5a, 5b and 5c show three different diagrams which illustrate the 

30 principle of control/change of the speed of rotation for the resultant flux <J>^ on the 
stator side in the machine 22 in the system 20 shown in Figure 2. Figure 5a shows 
how <l>isiator varies with the time t. The speed of rotation of O^^tator depends on the 
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frequ ncy of th n twork (cf. Fig. 2) and the number of pole pairs in th rotating 
electric machine 22. Figure 5b shows how Oimagn varies with the time t. The ampli- 
tude, frequency and phase position of Oi^^gn are detemiined with respect to the 
desired speed of rotation of <Di. Figure 5c shows how the resultant rotating flux <l>^ 

5 in the stator 52 varies with the time t. 

Figure 6 shows a flow diagram of the method according to the present in- 
vention for speed control of a rotating electric machine. The method according to 
the present invention comprises a number of steps which will be described below. 
The flow diagram starts at block 70. The next step, at block 72, comprises starting 

10 and connecting the rotating electric machine 22 to the network (cf. Fig. 2). 
Thereafter, at block 74, at least two vectorial quantities are generated, which 
constitute the resultant stator and air gap flux of the machine in operation. Pro- 
vided that there are two vectorial quantities, one flux vector <I>istator generated 
via the main winding 54 of the stator 52, and one flux vector O^rnagn ^ generated 

15 via the extra winding 56 of the stator 52 and the first frequency converter 28. 

Thereafter, at block 76, it is inquired whether the speed of the machine is suitable. 
If the question is answered in the affirmative, btodc 76 is reiterated. On the other 
hand, if the answer is negative, the method continues to block 78. In block 78, the 
step of controlling at least one of the vectorial fluxes with respect to phase position 

20 as well as amplitude and frequency (speed of rotation) relative to the flux gene- 
rated and rotated by the connecting network is carried out. This control implies 
that the machine has the desired/appropriate speed. Thereafter, at block 80, it is 
inquired whether the machine is to be in operation. If the question is answered in 
the affimnative, block 76 is reiterated. On the other hand, if the answer is negative, 

25 the method continues to block 82. At block 82, the operation of the machine is 
stopped. At block 84, the method is terminated. 

The invention is not limited to the embodiments shown but several modifi- 
cations are feasible within the scope of the inventive concept. Thus adaptation of 
the slip frequency may take place both during motor and generator operation and 

30 by suitable dimensioning of the frequency converter equipment, all operating 
modes may, in principle, be met 
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In addition, the principl may be applied to rapid int n-uption-free change 
from motor operation to generator operation in, for example, industrial applica- 
tions. 

Further, the principle may be applied to reduction/elimination of the har- 
5 monic content in the stator voltage of a machine. The principle may be applied to 
both synchronous and asynchronous machines. 

In addition, the frequency converter equipment and the extra winding of 
the stator may be used both when starting the machine upon start-up and when 
braking the machine upon shutdown. 
10 Further, the angular velocity of the flux vector generated via the extra 

winding is controllable via the stationary frequency converter equipment and 
hence an optimum operating positipn for adaptation to a changed turbine speed 
caused by changed net head may always occur. 

In addition, the vectorially created flux in the machine may be controlled 
15 with the aid of the relative phase position as well as the relative amplitude position 
between the active and reactive current values of the ordinary winding and the 
extra winding. 

The invention is not limited to the embodiments shown, but several vari- 
ants are feasible within the scope of the appended claims. 



20 



wo 99/29034 



15 



PCT/SE9S/02161 



CLAIMS 

1 . A system (20) for adaptation/optimization of the speed of a rotating elec- 
tric machine (22) included in the system (20), which machine (22) is intended to 

5 be directly connected to a distribution or transmission network (24) and comprising 
at least two electric windings, characterized in that the winding each comprises at 
least one electric conductor, a first semiconducting layer (14) arranged surround- 
ing the conductor, an insulating layer (16) arranged surrounding the first semicon- 
ducting layer (14), and a second semiconducting layer (18) arranged surrounding 

10 the insulating layer (16), and that the system (20) comprises means (26) which 
generate the resultant stator and air gap flux of the machine (22) during operation, 
which flux is composed of at least two vectorial quantities. 

2. A system (20) according to claim 1, characterized in that the potential of 
15 the first semiconducting layer (14) is essentially equal to the potential of the con- 
ductor 

3. A system (20) according to claim 1 or 2, characterized in that the second 
semiconducting layer (18) is adapted to form essentially one equipotential surface, 

20 surrounding the conductor. 

4. A system (20) according to claim 3, characterized in that the second 
semiconducting layer (18) is connected to a predetermined potential. 

25 5. A system (20) according to claim 4, characterized in that said predeter- 
mined potential is ground potential. 

6. A system (20) according to any of the preceding claims, characterized in 
that at least two adjacent layers of the windings of the machine have essentially 
30 identical coefficients of thermal expansion. 
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7. A system (20) according to any of th preceding claims, characteriz d in 
that th conductor comprises a number of strands (12), at least some of which are 
in electric contact with one another. 

5 8. A system (20) according to any of the preceding claims, characterized in 
that each of said three layers is secured to adjacent layers along essentially the 
whole contact surface. 

9. A system (20) for adaptation/optimization of the speed of a rotating elec- 
10 trie machine (22) included in the system (20), which machine is intended to be di- 
rectly connected to a distribution or transmission network (24) and comprising at 
least two electric windings, characterized in that the windings are each formed 
from a high-voltage cable (10) comprising one or more current-earrying conduc- 
tors, whereby each conductor exhibits a number of strands (12), a first semicon- 

15 ducting layer (14) arranged around each conductor, an insulating layer (16) of 
solid insulating material arranged around said first semiconducting layer (14), and 
a second semiconducting layer (18) arranged around the insulating layer (16), and 
that the system (20) comprises means (26) which generate the resultant stator 
and air gap flux of the machine (22) in operation, which flux is composed of at 

20 least two vectorial quantities. 

10. A system (20) according to any of the preceding claims, characterized in 
that the insulating conductor or high-voltage cable (10) is flexible. 

25 11. A system (20) according to claim 10, characterized in that the layers are 
arranged to adhere to one another also when the insulated conductor or high- 
voKage cable (10) is bent. 

12. A system (20) according to any of the preceding claims, characterized in 
30 that the flux-generating member (26) comprises an extra winding (56), arranged 
on the stator (52) of the machine (22), and magnetization equipment (28) con- 
nected to the machine (22), wh reby one flux vector is g nerated via the extra 



wo 99/29034 



17 



PCT/SE98/02161 



winding (56) and the magnetization equipm nt (28) and on flux vector is gener- 
at d via the ordinary winding (54) of the machine (22). 

13. A system (20) according to claim 12. characterized in that the magneti- 
5 zation equipment (28) is in the form of a first frequency converter (28). 

14. A system (20) according to claim 13. characterized in that the system 
(20), in addition, comprises an auxiliary feeder (30) connected to the first fre- 
quency converter (28) and the machine (22). 

10 

15. A system (20) according to claim 14, characterized in that the machine 
(22) comprises an asynchronous rotor (60) and that the auxiliary feeder (30) com- 
prises a stator winding (58) and a permanent-magnet rotor (62) connected to the 
asynchronous rotor (60). 

15 

16. A system (20) according to any of claim 14 or 15, characterized in that 
the system (20), in addition, comprises a transformer (32) connected to the first 
frequency converter (28) and the auxiliary feeder (30), said transformer being 
connected to a distribution busbar (36) via a first circuit breaker (34), and a sec- 

20 ond frequency converter (38) which is connected to the transformer (32) and 
which is connected to the distribution busbar (36) via a second circuit breaker 
(40). 

17. A system (20) according to claim 1 , characterized in that the windings are 
25 flexible and in that said layers make contact with one another. 

18. A system (20) according to claim 17, characterized in that said layers are 
of a material with such elasticity and such a relation between the coefficients of 
thermal expansion of the materials that the volume changes of the layers, caused 

30 by temperature variations during operation, are capable of being absori^ed by the 
elasticity of the materials such that the layers retain th ir contact with one another 
at th temperature variations v^ich occur during operation. 
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19. A system (20) according to claim 18, characterized in that the materials in 
said layers have a high elasticity. 

5 20. A system (20) according to claim 1 8, characterized in that each semicon- 
ducting layer constitutes essentially an equipotential surface. 

21 . A method for speed control of a rotating electric machine (22). which ma- 
chine (22) is intended to be directly connected to a distribution or transmission 

10 network (24) and comprising at least two electric windings, each winding compris* 
ing at least one electric conductor, a first semiconducting layer (14) arranged sur- 
rounding the conductor, an insulating layer (16) arranged surrounding the first 
semiconducting layer (14), and a second semiconducting layer (18) arranged sur- 
rounding the insulating layer (16), which method comprises the following step: 

15 • generating at least two vectorial quantities which constitute the resultant stator 
and air gap flux of the machine (22) during operation. 

22. A method for speed control of a rotating electric machine (22), which ma- 
chine (22) is intended to be directly connected to a distribution or transmission 

20 networi^ (24) and comprising at least two electric windings, each winding being 
formed of a high-voltage cable (10) comprising one or more current-carrying con- 
ductors, whereby each conductor exhibits a number of strands, a first semicon- 
ducting layer (14) arranged around each conductor, an insulating layer (16) of 
solid insulating material arranged around said first semiconducting layer (14), and 

25 a second semiconducting layer (18) an^nged around the insulating layer (16). 
which method comprises the following step: 

• generating at least two vectorial quantities which constitute the resultant stator 
and air gap flux of the machine (22) during operation. 

30 23. A method according to any of claim 21 or 22, which method is character- 
iz d by the following additional step: 
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• controlling at least one of the V ctorial fluxes with respect to phase position as 
w II as amplitude and speed of rotation relative to the flux gen rated and ro- 
tated by the connecting network (24). 

5 24. A method according to claim 23, characterized by the following steps: 

• generating a flux vector via an extra winding (56), mounted on the machine 
(22), and magnetization equipment (28) connected to the machine (22), and 

• generating a flux vector via the ordinary winding (54) of the machine (22). 

10 25. A method according to any of claim 23 or 24. characterized in that the 
rotating electric machine (22), in addition, comprises an asynchronous rotor (60). 
whereby the flux control is used for speed control of the machine (22) in generator 
operating mode. 

IS 26. A method according to any of claim 23 or 24, characterized in that the 
rotating electric machine (22). in addition, comprises an asynchronous rotor (60), 
whereby the flux control is used for speed control of the machine (22) in motor op- 
erating mode. 

20 27. A method according to any of claim 23 or 24, characterized in that the - 
flux control is used for damping the harmonic content of the stator voltage in the 
ordinary winding (54) of the machine (22). 

28. A method according to claim 24, characterized in that the reactive mag- 
25 netization current of the machine (22) is injected via the extra winding (56), 

whereby it is possible to control the voltage of the machine (22) on the ordinary 
winding (54) of the machine (22) for both a non-mains-connecled and a mains- 
connected machine (22). 

30 29. A method according to claim 25, characterized in that the rotating electric 
machine (22), in addition, comprises a permanent-magnet rotor (62). conn cted to 
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the asynchronous rotor (60). for gen rating magnetization current and other auxil- 
iary power. 

30. A method according to any of claim 23 or 24. characterized in that the 
flux control is used for interruption-free change from generator operating mode to 
motor operating mode and vice versa. 

31 . A method according to any of claims 24-30. characterized in that the re- 
sultant flux in the machine (22) is 

^ = C>i + O2 

where is the rotating flux on the stator side of the machine and <S>2 is the flux 
generated by the rotor current, whereby 

*1 = ^1magn + ^Istator 

where <I>istator *s the rotating flux generated by the current In the ordinary winding 
(54). whereby the speed of rotation on O^stator >s dependent on the frequency of 
the network and the number of pole pairs in the machine (22), and <I>im^ is the 
rotating flux generated by the current in tiie extra winding (56), which flux is con- 
trollable with respect to phase position as well as amplitude and frequency relative 
to the flux vector of the ordinary winding (54). 

32. A method according to claim 24, characterized In that the vectorially cre- 
ated flux in the machine (22) is controlled with the aid of the relative phase posi- 
tion as well as the relative amplitude value between the active and reactive current 
values of the ordinary winding (54) and the extra winding (56). 
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Fig. 2 
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Fig. 3b 
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